Tie2 ligands angiopoietin-1 and angiopoietin-2 are coexpressed with vascular endothelial cell growth factor in growing human bone.
Angiogenesis is essential for bone growth and repair. Recent studies have shown that the endothelial-specific mitogen vascular endothelial growth factor (VEGF) is a key regulator of vascular invasion into the growth plate in infant and adolescent animals. In order to identify mechanisms regulating VEGF-induced angiogenesis in growing bone, we have investigated the expression of the angiopoietins (Ang-1 and Ang-2) in human neonatal ribs. Ang-1 and Ang-2 exhibited similar patterns of staining in the growing rib. In the cartilage, expression of Ang-1 and Ang-2 increased with chondrocyte maturation. Ang-1, Ang-2, and VEGF were not detected in the resting zone except adjacent to vascular canals, and maximum expression was detected at the cartilage bone interface. In the cartilage, Ang-2 was more highly expressed than Ang-1 or VEGF, with staining observed in the proliferating, hypertrophic, and mineralized zones. In the bone, Ang-1, Ang-2, and VEGF were detected in modeling and remodeling sites. Ang-1 was detected in the majority of osteoblasts, osteoclasts, and in some marrow space cells. Ang-2 was expressed at variable levels by osteoblasts and osteoclasts in modeling and remodeling bone. VEGF was detected in cells at bone surfaces and in the marrow spaces. Strong staining for VEGF was observed in osteoblasts and osteoclasts in modeling and remodeling bone. In the perichondrium, Ang-1, Ang-2, and VEGF were most highly expressed adjacent to the hypertrophic zone and at sites of bone collar formation. In the periosteum, Ang-1, Ang-2, and VEGF expression colocalized with alkaline phosphatase expression. These observations provide the first evidence for the expression of the angiopoietins in growing human bone in vivo. The distribution of Ang-1, Ang-2, and VEGF indicate these factors may play key roles in the regulation of angiogenesis at sites of endochondral ossification, intramembranous ossification, and bone turnover in the growing human skeleton.